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Infill walls subjected to lateral loads are radically affecting the behaviour of infilled framed 27 structures under lateral loads(Stafford Smith 1968 geometrical and mechanical properties of the masonry infill wall and surrounding frame;the frame 31 to masonry infill wall stiffness ratio as well as the interaction between the infill panel and the 32 surrounding frame. Among these factors the level of vertical load transferred from the frame to the 33 infill and the presence of openings have to be considered (e.g. NCEER 1994) in the analysis. 34
For the analysis of the masonry infill frames, the macro-modelling approach, which replaces the 35 infill with one or more equivalent struts have extensively been used in the past by various considered the vertical load effect to be conservative and did not take it into account, among the 46 variables affecting, the evaluation of the cross-section of the equivalent strut. Nevertheless, while 47 equivalent strut's width-reduction factor has been proposed. 77
The effects of openings on stiffness and strength of infilled frames are primarily taken into 78 consideration by reduction factors ( strength of partially infilled framesto that of a similar solid one. For the aforementioned studies, the 82 contribution of the vertical loads to the strength of the infill wall panels is not taken into account 83 leading to inaccurate results since the influence of vertical load is a critical parameter which affects 84 the contact lengths ( Fig. 1) between the infill wall and the surrounding frame. 85
In this paper, an analytical equation for the determination of the reduction factor of the infill wall 86 (equivalent compressive strut) stiffness taking into account the percentage opening of the infill wall 87 (area of opening to the area of infill wall) as well as the vertical load distribution is proposed. The 88 proposed equation based on similar previous proposal proposed by Asteris (2003) (for taking into 89 account the effect of the openings) and by Amato et al. (2008 Amato et al. ( , 2009 ) for taking into account the 90 vertical loads. To validate the proposed equation an in-depth analytical investigation using a micro-91 modelling Finite Element method was conducted. The numerical procedure provides the "exact" 92 response of a series of infilled frames under horizontal and vertical loads by modelling the 93 compressive stress transmitted by the frame to the infill through contact surface elements governed 94 by the Coulomb friction law. The term "exact" is referring to an infill which is modelled by a 95 detailed FE micro-modelling approach and the regions in which frame and infill transmit 96 compressive stress to each other are modelled by contact surface elements. 97 98 imposing the initial lateral stiffness to be equal to the initial stiffness of the equivalent braced frame 101 (see Fig. 2-b) . Denoting i D the stiffness of the actual system ( Fig.2-a 
In Eq. (4), The lateral stiffness corresponding to the frame f D (Fig. 3-c) , for the case of columns having the 121 same cross-section, can be estimated using the following expression: 122 
From eq. (7), the ratio ration of the width of equivalent pin-jointed diagonal strut to the length of the 143 diagonal strut (w/d) can be represented as a function of 
160
The interface elements used to model the interaction between surrounding frame and infill panel 161
were calibrated and an elastic modulus in compression of the mortar equal to 3,000 MPa obtained. 162
Two different values of the aspect ratio / h , namely 1 and 2, were investigated. Different 163 dimensions for the openings (centered and homothetic with respect of the boundary of the infill) 164 were considered. 165
The size of each opening was defined by the dimensionless parameter  = hv / h = ℓv / ℓ , hv and ℓv 166 being the dimensions of the opening itself, see Fig.(2) . 167
The analyses were repeated for four dimensionless vertical load levels: v = 0, v = 0.00016, 168 v = 0.00032, v = 0.00080 where v is defined as
Ac being the mean cross section area of the columns and Fv the total vertical load acting on the 170 frame. 171 follow the curvature of the frame. In Fig. 6 the results of the numerical investigation in the case of 176 aspect ratio of infills / h =1 are inserted showing the correlation between the dimensionless width 177 of the equivalent strut and the parameter *  . Fig. 7 refers to the case were / h equals to2. 178
From the results analysis, it was found that the effect of vertical loads reduces as the ratio between 179 the dimensions of the opening and the dimensions of the infill increases. This is proved by the fact 180 that for a fixed 
The numerical investigation carried out in this work showed that there is a non-linear relationship 215 between the parameters k and r. , Therefore , the following equation can be used 216 To this point observe that the strong interaction between openings and vertical loads is expressed by 226 the exponent  applied to the parameter k . In fact, while k was generated to take the influence of 227 take the influence of openings into account. Considering Eqs. (16 &17) allows one to conclude that 229 if the are no vertical loads the following equation is valid: 230
The above formulation is an extension of the one proposed by Amato et al. (2009) . 231
In Fig.11 the values assumed by k  varying the vertical loads and the opening ratio can be 232 observed, evidencing vertical loads seems to assume a more strong role in the case of square infills. 233
The equation (15) 
where, w  is the infill wall opening ratio (area of opening to the area of infill wall). 
In 
